The article analyzes the efficiency of national civil construction firms, through the application of Data Envelopment Analysis in multistage, for a pool of construction companies, between the years 2005 and 2008.The Malmquist index is used to calculate the variation in total factor productivity over the period, decomposing it into variations in technical and scale efficiency and technological progress. The results for our sample, point to significant differences in technical and scale efficiency according to the invoicing level and indicate that, on average, technical efficiency scores decreased between 2005 and 2008, as well as the variation in total productivity of factors. The average technical efficiency score for the period was 0.433 and showed a downward trend since 2006. The total factor productivity in the period from 2005-2008, decreased by 7.2% due, mainly, to the negative variation in the technological progress.
INTRODUCTION
fter nearly two decades of stagnation, coupled with a deep crisis in 2004, the national construction industry seems, since then, to be recovering.
Construction sites spread throughout the country, labor became scarce, wage levels have been redefined, land, inflated, and production inputs, particularly steel, have a strong and continuous increase in price levels.
Spurred by the boom in civil construction in Brazil, the main industry groups, especially those devoted to the activities of development, were The surviving firms have adopted more conservative positions, including those related to fundraising and the use of productive inputs. Bank debts were renegotiated, the salaries and labor contingent, adjusted, clients at risk of default have been abandoned, many lands were returned, and their contracts canceled.
Faced with an industry still in rehabilitation, although supported by rather optimistic forecasts about future growth, ensuring the efficient construction firm becomes a task of paramount importance. The proper use of inputs has not only results in company profit, but also affects their competitiveness. Inefficient firms will hardly support themselves facing an increasingly fierce competition, thanks to the incentives and facilities provided by the current government.
This article seeks to measure the efficiency of Brazilian firms in the construction industry between 2005 and 2008, the degree of efficiency of construction and point the dimension which each builder can work in to further improve its efficiency.
The article is divided into five other sections. The first comprises the literature review that highlights the evolution of concepts of efficiency, the main aspects related to its measurement techniques, and other articles that deal specifically with the efficiency of construction firms. The following section presents the methodology of DEA. Sections four and five present the database and model specification based on the chosen inputs and products, in addition to the main results. The last section concludes the argument.
CONCEPTS OF EFFICIENCY, DATA ENVELOPMENT ANALYSIS (DEA) AND THE CASE OF CIVIL CONSTRUCTION
Production is said to be technically efficient if there is no other way to produce more with the same number of factors or produce the same amount of product, using the least amount of inputs (Farrell, 1957) .
Efficiency can be analyzed in its economic, technical and allocative aspects. While the former directs towards the monetary aspect of production, by evaluating the relationship between the value of products and value of inputs, the technique is concerned with its physical aspects, analyzing the firm's ability to produce as much product, given a particular quantity of inputs. Finally, allocative efficiency seeks to determine the optimal combination of inputs, given the price levels that maximize business results.
The theoretical literature on efficiency gained momentum with the work of Debreu (1951) and Shepard (1953) , but it was Farrell (1957) who pioneered the empirical modeling of efficiency and frontiers, by developing the concept of structural efficiency of the industry, a dispersion indicator of global efficiency over the constituent firms in the industry. On the basis of a production frontier of a given firm, it was able to confront its relative effectiveness to the efficient frontier of the industry.
Farrell's works influenced Charnes, Cooper and Rhodes (1978) into developing the method of data envelopment analysis (DEA). The authors reformulated the linear programming model of Farrell, extending it to multiple outputs and inputs, and each firm started to be seen as a decision making productive unit (decision making unit -DMU). The DEA relies on Pareto-Koopmans´s concept of efficiency, according to which "an organization is efficient if and only if it is not possible to increase the magnitude of any product or input without a reduction in other input or output" (Cooper, Sieford and Tone, 2000) . For Delgado (2007) , the non-parametric modeling of DEA has the advantage of being flexible, since it does not assume any functional form a priori to the frontier of production.
Also, it may be applied to more than one product at the same time in an estimate. However, precisely because of its non-parametric format, convergence becomes slow, which may result in inconsistent estimators, especially when the sample is reduced.
Despite the several studies on the efficiency of firms from different sectors of the Brazilian economy iii , the survey of national literature did not show any work that uses the DEA methodology, in contrast to those found in the international literature iv .
In this sense, this work represents a contribution to efficiency studies applied to the Brazilian construction industry.
METHODOLOGY

General, technical and scale efficiency
In the economic literature, "efficiency measures are usually represented by a function of frontiers constructed in the coordinate system, where efficient firms necessarily position themselves on the frontier v " (Ferreira, Gonçalves and Braga, p.4, 2007) .
Technical efficiency is characterized by the ability of the firm to produce as much product, given a level of inputs and a given technology. In graph 1 below, the technical efficiency is illustrated by the ratio F 2 F 0 / F 2 F 3, to the CCR frontier (constant returns of scale) and F 2 F 0 / F 1 F 2, to the BCC frontier (variable returns of scale) vi .
On the other hand, the scale efficiency arises when the firm produces at an input level considered optimal (in Graph 1, the scale efficiency is represented by the ratio F 1 F 2 / F 3 F 2).The firm achieves overall efficiency when simultaneously operating, at technical and scale efficiency levels. However, from the five companies said technically effective, the only one represented by B also has scale efficiency, since it is located at the point where the frontier to CCR tangents the BCC frontier.
Data envelopment analysis (DEA)
The data envelopment analysis (DEA) is basically a linear programming model that "attempts to comparatively analyze independent units, with regard to its operating performance, being able to incorporate multiple inputs and outputs to calculate efficiency" (Mac Dowell, p.6, 2007) .
The DEA is based on a set of observed data in several firms, called Decision Making Units -DMUs. The efficiency of each DMU is evaluated, comparing it with a reference group consisting of other DMU with the same set of input and output. The frontier DMUs are called Pareto efficient, since it is not possible to improve some of its features without worsening the others.
An application of DEA must be able to identify the causes and dimensions of relative inefficiencies for each DMU, provide an index of efficiency and set production targets that maximize the productivity of the evaluated units.
For Meza (1998) Regarding the choice of the model, the CCR and BCC vii are the best known and traditionally used in DEA modeling. While the former considers the constant returns to scale, the latter considers the variable returns to it, allowing the focus of the model to capture the effects along the production function resulting from changes in the production scale.
DEA with constant returns to scale (CRS)
The model proposed by Charnes, Cooper and Rhodes (1978) assumes the existence of N DMUs that use I inputs to produce P products. The index indicates the i-th DMU for which the vectors and represent the respective quantities of inputs and outputs. A nonparametric frontier is built and all firms should be above or below that frontier. The ratio between the weighted sum of the products and the weighted sum of inputs is maximized. The idea is to determine the "weights" and that maximize the ratio of potential output and potential input for the i-th firm, where is a Px1 vector associated with the products and is an Ix1 vector of weights associated with inputs. Unknown quantities and are calculated to maximize the efficiency of each DMU, according to the problem:
Subject to / ) and This formulation, however, presents an infinite number of solutions viii . To get around it, the condition that was imposed, leading to the following option:
Subject to 1,2, ..., N and The problem, however, presents a large number of constraints, which imposes difficulties for computing solutions. Using the duality property of linear programming, it is possible to establish an equivalent problem, but with fewer restrictions (I + P <N +1): 
DEA with variable returns of scale (VRS)
The assumption of constant returns of scale is appropriate only when all production units are operating at optimal scale. In practice, the existence of imperfect competition, government regulations and financial constraints, among other factors, may cause firms not to operate at its optimum level. In such case, one should choose the model of variable returns of scale, proposed by Banker, Charnes and Cooper (1984) , in which the restriction of convexity is added, such that:
Subject to and where (unitary vector)
The resolution, via linear programming of the minimization process, described in Equation 4, returns, this way, values for the efficiency scores of the analyzed firms.
Product-oriented DEA, and input-oriented DEA
The measures of technical efficiency may assume both input and product orientation.
The product-oriented DEA defines the frontier seeking the maximum proportional increase of the product, without requiring more than a certain level of inputs. When input-oriented, the frontier seeks the maximum possible proportional reduction at the level of use of inputs, satisfying at least one given level of output.
Based on a given quantity of inputs for a given quantity of products , the technical inefficiency of the firm can be interpreted in two different ways. By assuming the orientation inputs, the distance between the firm and the production frontier represents the percentage by which the amount of all inputs must be reduced so that the production unit is fully efficient.
On the other hand, the assumption of product orientation, the distance between the firm and the production frontier determines how the product can be expanded without changing the amount of inputs used (Carvalho e Marinho; p. 6, 2003) ix .
Multistage DEA
Usually, the applications of data envelopment analysis are used to solve problems in a single stage. The use of multistage DEA, however, allows the analysis for panel data, assuming the hypothesis that the products resulting from a process can be used as inputs in the subsequent period.
According to Fowler et al (2006) , one of the great advantages of the multistage DEA is that its emphasis on greater intensity to those inputs that are under managerial control, assigning different weights to them. Lovell (2001) argues that the traditional data envelopment analysis allows the producer to ascertain whether or not the product is efficient, but that, before the interference of environmental forces, the results lose robustness. The analysis in multiple stages corrects the problem: at first, the efficiency scores are estimated ignoring environmental factors. In later stages, they are incorporated into the problem, generating results more consistent with reality.
Malmquist Index and Total Factor Productivity
The use of the Malmquist Index was highly influenced by the work of Caves, Christensen and Diewert (1982) , who sought to assess the evolution of the productivity of each unit of production compared to the set of units to which it belongs.
For Figueiredo (2007) , the Malmquist Index has important advantages over other measures of variation in total factor productivity (TFP As discussed for DEA methodology for stacked data (pool), this index can also be built based on the orientation for the product or input. The distance function oriented by the product is defined as the maximum equi-proportional (radial) expansion of the product, given the vector of inputs. In orientation for inputs, optical is the maximum equi-proportional reduction of inputs, given the vector of product (Figueiredo, 2007) .
The definition of the Malmquist index requires the existence of distance functions for two different periods, so that fluctuations in TFP can be computed. According to Coelli, O'Donnell and Battese (2005) , assuming a given period t as technology reference, the variation in TFP between two periods, with product orientation, can be defined as:
Equation 5 defines the index as the division of the maximum possible expansion of the product during period s, data and technology in period t, by the maximum possible expansion of the product in period and its related technology. The choice of the time of reference is arbitrary, and the results may vary depending on the selected period. In order to avoid the imposition of new restrictions to work around the problem, the Malmquist Index is usually defined as a geometric mean of the two scores of efficiency evolution, i.e.:
TFP gains are obtained when losses when less than the unit, and stagnation occurs when the score remains unchanged. The distance functions can be rearranged to show that they amount to the product of variation of technical efficiency by varying the technological progress, such that:
The first term on the right side of the equation represents the variation in technical efficiency, and the second term (in brackets) indicates the variation of technological progress, measured as the geometric average of technological changes over the two periods. Increments in the first component showed a recovery of production in relation to the efficient frontier (catching up), while increases in the second term, indicate technological innovation. Thus, productivity gains for a firm that already operates on the efficient frontier will only be possible with technological progress.
Breaking up the efficiency variation into pure and scale technical efficiency, as
proposed by Fare et al (1994) , the Malmquist Index may finally be described in its final form, according to the equation:
The first term on the right hand side represents the change in pure technical efficiency pure in environments with variable returns to scale, whose oscillations are captured up by the second term. The last term remains unchanged, and captures the variation regarding technological progress.
DATABASE AND MODEL SPECIFICATION
The database needs to present variables that work as input and other as products. Furthermore, the multiplicity of years allows the stacked data analysis, which provides much more consistent results than a simple evaluation of cross-section data.
Data of 185 companies were collected, but, since we are dealing with journal publication of voluntary participation, only 57 provided complete information during the sample period considered and, therefore, were able to compose the final sample. Because it is just a sample, the results of this study refer only to the analyzed firms, not representing a generalization for the construction industry as a whole xi . The variables used for the data envelopment analysis are identified in Table 1 . 
Company name
Identifica tion
It is the best known name of the company, which does not always coincide with its corporate name. As is known, the choice of the envelopment to be calculated depends on the assumption about the returns to scale that the studied technology presents: either Constant Returns or Scale Variables (respectively "CRS" and "VRS"). Civil construction is subject to imperfect competition, government intervention, financial constraints and various other elements that do not allow them to work in an environment of constant returns. Thus, the proper choice would be the VRS model.
The choice between input or output orientation seems to be more subtle. In fact, Coelli (1996) states that the two models estimate the same frontier and, therefore, identify the same efficient DMUs. The difference only relies on the efficiency measures related to the 
The software selected for analysis was the DEAP 2.1 xii .We estimated four frontiers for the data of each cross-section of the sample and one for the pool xiii . Furthermore, through the Malmquist Index, variations in the total factor productivity were measured. Data show significant variations in the level of revenue of the companies, as well as the amount of available inputs for each of them. Moreover, despite the contraction in the average revenue of 2008, the average amount of inputs -especially the labor factor -increased considerably in the same year. An increase of 170% on average use of employees with higher education has been registered, a trend that may continue in view of increased competition in the sector, the expansion of the volume and forms of investment, the greater rigidity in the quality control of works and the complexity of internal structures, which require more qualified personnel.
In 2008, Camargo Correa, a leader in revenue, which also used of the workforce with higher education at the most, while Queiroz Galvao, third in revenue, held the top spot in the use of workers without higher education and in the possession of equipment. In contrast, Vial, penultimate in revenue, was the firm which least used employees with higher education, and Zita, 45 th in revenue, took the lowest place on the list as regards to the use of capital inputs.
RESULTS
5.1.Technical and Scale Efficiency
The pure technical and scale efficiency scores were estimated for the 57 construction companies over the four sampling periods, through multistage DEA methodology. The results are summarized in Table 3 .
In all years, at least one firm has obtained the maximum score of technical or scale efficiency. Furthermore, the average score of scale efficiency was considerably higher than The maximum technical efficiency (score = 1) was found in four of the 57 companies Overall, the average score of technical efficiency of domestic firms declined between the first and last year examined xiv (Graph 2).
GRAPH 2 -EVOLUTION OF TECHNICAL EFFICIENCY (NATIONAL AVERAGE)
Note: Own elaboration.
Individually, some firms have excelled in the ability to correct internal inefficiencies over the years and come close to the efficient frontier (Graph 3). As for the returns to scale, 91.2% of firms, on average, operated with variable returns to scale. Among these, there was a predominance of construction companies operating in diminishing returns, i.e., above the range considered optimal (Table 4) , in which revenue growth is given at increasing costs (decreasing when in increasing returns to scale). (Table 5) . In contrast, the scale efficiency scores indicate that firms in the lower strata are, on average, those that operate closer to the optimal scale of production (Table 6) xvi . Due to the fact that they have smaller plants, it is possible that firms with lower revenue are able to allocate its inputs more accurately. As for those with high revenue, with activities and branches scattered across several federal units and performing large works, may have greater difficulty in managing and finding the correct way to allocate their production inputs. In addition to the lower revenue than the one designed according to the level of inputs used, 65% of firms, on average, presented some floats in the three available inputs (Table 7), i.e., could be made more efficient if they contracted the excessive amount for the optimal projected amount. Maintaining a staff (without higher education) exceeding the necessary is the main factor in respect to the incorrect allocation of firm resources, and such inefficiency is present in almost half of the assessed construction companies (47.4% on average). This finding may be corroborated by the high social charges levied upon the construction worker, which can reach the level of 177% over the constant starting salary on the payroll xvii . Thus, the maximization of revenue is hampered facing a quite costly productive input for firms, which explains part of the inefficiency of those. Thus, the overall efficiency of the firm depends on its ability to maximize revenue and to allocate production inputs properly and avoid floats, which is not always done correctly. (Table 8) .The company has expanded its available inputs, but the generated revenue was much less than projected. In contrast, Andrade Gutierrez was able to make better use of the available inputs to increase revenues, although it stood, at the end of 2008, behind the projected level. The firm increased the number of employees with and without higher education and reduced capital investment. Despite the increase in the technical efficiency score, the firm, with the new composition of raw materials, lost in scale efficiency (Table 9 ). After discussing the parameters, it becomes possible to present the overall ranking of average technical efficiency of construction firms, whose criterion of analysis is based solely on the ordering of the highest to lowest score. Camargo Corrêa, Christian Nielsen, Andrade
Gutierrez, Construtora OAS and Queiroz Galvão are the five most effective.
Camargo Correa was the company which stood nearest to the efficient frontier, with an average score of 0.8513.The last five positions were occupied by three companies from Rio
Grande do Sul and two from Minas Gerais (Viero, Sital, Ernesto Woebcke, Pelotense and Consita).
5.2.Total Factor Productivity
The DEA-Malmquist methodology was used to capture the variations in technical, technology and scale efficiencies over the period, as well as differences in the Total Factor Productivity (TFP).Values above unit indicate that there was an increase in the Index, decrease when lower and unchanged when equal to the unit. From the fifty-seven companies in the sample, only twelve managed to register gains from the technological progress, and nine of them are located in the two lowest income strata.
The ICEC was the greatest beneficiary, with gains of 8.5%, followed by Toda do of Brasil and Collem Mohallem, with gains of 7.5% and 6.7% respectively.
When classified by revenue strata, it was found that PTF had losses in all four levels.
The smallest drop (-4.3%) occurred among the firms with highest revenue, while the greatest one (-8.8%) was from those from the lower strata. In all strata gains of scale were recorded, and the most significant companies in the second level (9.4%) were those with the most gain, in which we also found the greatest losses in the technological progress (-11.6%).Only firms in the upper stratum maintained the technical efficiency, while the variation was negative for the other levels. Unlike the conclusions obtained for the technical efficiency scores per revenue strata (Graph 5), it is not possible to verify a strong relationship between variation in TFP and the stratum in which the construction company is situated.
DISCUSSION AND CONCLUSION
The civil construction sector came out from a strong stagnation, since the 80s to current mid-decade, in order to assume an important role in the Brazilian economic growth.
The demand for infrastructure, the government programs and the availability of credit which began to be directed to the civil construction sector intensified the pace of business activity. Moreover, the performance of firms was not homogeneous among different income strata. There are indications of positive relationship between the volume of revenue and the technical efficiency score. In contrast, the highest-revenue firms were those with grater difficulties to allocate the inputs correctly, recording the lowest scores of scale efficiency.
In general, the different scores obtained on the basis of revenue seem to serve as support to the thesis that the construction sector is characterized by imperfect competition and that external forces, such as government programs, funding sources, business reputation and legislation, among others, affect the performance of construction companies.
Unqualified workforce was primarily responsible for the floats of productive inputs in firms and explains part of the inefficiency of those. Indeed, labor and social security costsnot only for civil construction but for Brazil as a whole -are costly and often exceed the 100% barrier. The replacement of unskilled workers by those with higher qualifications or by capital investment, contributing to increase firm productivity, may be a good alternative for the civil construction.
While the sector continues to expand, the trend is that there is mobility of workforce, in which workers dismissed from a firm that increased capital investments may be reemployed in another which has lower technological resources. The contraction of the sector will significantly increase unemployment, which explains the massive government investment in infrastructure and housing throughout the territory.
Moreover, in our sample, the total factor productivity in the 2005-2008 period, decreased by 7.2%, mainly due to the negative variation in technological progress. However, the behavior of TFP fluctuated significantly over the period. Finally, the period of 2007-2008 was marked by strong global economic crisis, which restricted credit and contracted the construction sector. However, it is possible to say that the crisis has forced companies to restructure internally, cut floats and better organize their inputs and processes, which led to a slight increase in technical and scale efficiency. The negative variation of TFP in the period can be attributed, therefore, to the high loss of technological progress.
It is worth noting that the country will host the World Cup in 2014, and the city of Rio de Janeiro, the 2016 Olympics. Until then, the construction sector will be highlighted and the trend is of significant increase in the product generated by the sector.
Given the optimistic scenario, competition in the sector is expected to rise rapidly, and firms will be forced to innovate technologically, correctly allocate the inputs and optimize their use, if they want to remain competitive. Within this context, the concerns are renewed:
large companies should continue enjoying monopolistic advantages, placing himself in a position of superiority in relation to minors, even efficient, may be unable to sustain the market. The wave of mergers, acquisitions and capital opening should be resumed. For smaller firms, but with a high level of technical efficiency and good technological standards, the opportunity of being acquired at a fair price by major construction companies seems to emerge as a major attraction of the market. 
